In Hanoi, the capital of Vietnam, lakes and rivers are polluted by both point pollution sources such as discharge from sewerage system; and by non-point pollution sources such as washoff from land surface and leakage from septic tanks. Several studies had mentioned about water pollution but were mainly focusing on organic pollution, feacal contamination and pollutant sources from surface runoff were not considered. To investigate the characteristics of pollutant variation in runoff water and feacal contamination by pathogenic indicators, water samples were collected in August and September 2008, by the roadside and at the inflows of lakes under wet weather condition in the downtown of Hanoi. Monitoring results showed high pollutant concentration, especially pathogenic indicators as E.coli and total coliform (TC), both in road runoff and water that flowed into lakes. Runoff water quality was much different depending on the sampling locations and patterns of rainfall. Pollutant concentration collected by the roadside tend to increase at the end of rainfall. It might be attributed to the discharge of domestic wastewater from individual households or leakage from septic systems. Time and spatial variation were much different for each event that made urban runoff water to be more difficult to control in comparison with domestic wastewater. Cluster analysis was applied to find the similarities of water quality among sampling locations. It was a useful method to find the spatial variation of pollutants and their level of pollution.
INTRODUCTION
Hanoi, the capital of Vietnam, is one of the biggest capitals in the world, with a total area of more than 3,300 km 2 and with 6.4 million inhabitants in 2009. The old sewerage system and the quite flat floodplain make Hanoi more sensitive to urban flood. Frequent inundation causes damages to infrastructure, transportation, environment, and human health. As shown in Fig. 1 , the sewerage system is a combined type, which means that both wastewater and runoff water are served by one system. Runoff in urban areas is seen as the major source contributing to water quality degradation in surface water bodies (Gruber et al., 2005) .
Non-point source (NPS) pollution, is the contamination of ground water and other water bodies that results from everyday activities. With each rainfall, pollutants generated by these activities are washed into storm drains that flow into waterways. As a result, NPS pollution is the biggest threat to many ponds, creeks, lakes, wells, streams, rivers, bays, and ground water. This NPS pollution resulting from urban surface runoff could be recognized as one of the major causes of quality deterioration in the receiving water bodies (Marsalek and Rochfort, 2004) .
During inundation, wastewater and runoff water can possibly flow out of the sewerage system to streets within the downtown of Hanoi as well as to lakes and rivers, because the drainage capacity was designed for the less-developed condition of old Hanoi. It means that most of the outfalls from the sewerage system are seen as a point source pollution to the lakes and rivers in Hanoi both under the dry and wet weather conditions. Point sources are those that can be traced back to a pipe and are one of the largest potential sources of human feacal contamination (O'Keefe et al., 2005) . In Hanoi, sewage treatment plants (STP) have not been constructed even though the amount of wastewater has increased sharply in recent years accompanying the rapid industrialization and urbanization. Up to now, only two on-site pilot STPs with a total capacity of 6,000 m 3 /d (around 1% of the total wastewater produced in Hanoi) are built. et al., 2005) .
Several monitoring studies of surface water environment were carried out in Hanoi. Ha (2005) reported that the water quality of rivers, lakes, and ponds is worsening due to the discharge of untreated wastewater, which contains toxic substances, inorganic substances, and high organic matter. On the average, concentrations of biochemical oxygen demand (BOD), chemical oxygen demand (COD) and heavy metals in rivers are 3-4 times higher than the standards in Vietnam. Thang et al. (2005) and Quan et al. (2005 Quan et al. ( , 2008 ) studied similar organic pollution, but the feacal contamination and pathogenic pollution were not considered. In addition, these studies did not pay much attention on runoff water quality and its variation. In the present study, runoff water samples were collected in 2008 to obtain deeper understanding regarding the spatial variation and time variation of runoff water quality and the pathogenic pollution under wet weather condition. -7M in) , and Ba Mau (L-3M in)) and 3 streets (Ton Duc Thang (S-TDT), Nguyen Khuyen (S-NK), and Le Duan (S-LD)). All the sampling locations are shown in Fig. 3 and Table 1 . Selected parameters are total nitrogen (T-N), ammonium nitrogen (NH 4 + -N), COD, suspended solids (SS), electrical conductivity (EC), E.coli and total coliform (TC). The monitoring kit of m-ColiBlue24 Broth is used for simultaneous detection and identification of both TC and E-coli with respect to the level of toxicity to human health upon exposure to runoff water in Hanoi. A sample volume of 1 mL was used for the monitoring kit with and without dilution.
MATERIALS AND METHODS
Water quality was compared with the Vietnamese standard for surface water environment, as seen in Table 2 , and with that of a STP influent as reference. Table 3 shows the water quality at influent and effluent of Truc Bach STP in which the influent measured on weekdays is used for comparison. 
RESULTS AND DISCUSSION Time and Spatial Variation of Pollutant Concentration in Runoff Water
Sampling results of runoff water quality at different places on a rainy day (August 31, 2008) are given in Fig. 4 . Upon comparison with the Vietnamese standards, all parameters in the inflow samples did not meet the limit and total coliform was 2-3 logs higher. Even the coliforms (both T.coliform and E.coli) in road runoff samples, especially at S-TDT location, were higher than those in the inflow of lakes. This information should be considered when inundation takes place. All kinds of wastewater could possibly be mixed together and inundated water becomes a threat to human health due to exposure with pathogen. 10,000 100,000 In road runoff samples, coliforms and NH 4 + -N concentration tend to increase at the end of rainfall. It may be due to less dilution with rainwater, however, EC also increases so the samples might be mixed with domestic wastewater which is discharged directly from individual households, as shown in Fig. 6 .
Besides wash-off from surface, another pollutant source contributing to non-point pollution sources is domestic wastewater discharged from individual households, which were constructed after the sewerage system, by the streets in downtown Hanoi or due to the malfunctioning and overflowing of the septic systems. Although individual households might contribute only minor amounts of non-point pollution, the combined effect of an entire neighbourhood can be serious (US EPA, 2008).
Among the parameters, EC and DOC have the highest correlation with others (Taebi and Droste, 2004) and EC could be used as an indicator of mixing wastewater with runoff water. Fig. 5 shows the correlation of EC with T-N, NH 4 + -N, E.coli and TC, in which the correlation of EC with T-N and NH 4 + -N is higher than that of the coliforms. The correlation between E.coli and TC with EC in road runoff samples is stronger than that of lakes. It may contribute to the variety of source contributions to water samples at the inflow of lakes such as from septic tank leakage. Fig. 7 . In general, water quality in September is higher than that in August, although precipitation was lower and the duration was shorter. The trend of variation between sampling locations is still kept, and runoff water quality is much higher than the Vietnamese standard and close to the water quality of STP influent.
It was observed that the quality of surface runoff water had a vast range of variation which is far greater than that in the quality of raw or treated sanitary wastewater (Mitchell, 2005) . This makes surface runoff quality control to be more difficult. 
Similarity of Water Quality between Sampling Locations
Water quality data were normalized and cluster analysis was used to find the spatial variation between sampling locations. Normalized data were used as input in cluster analysis, and coliform data were converted to logarithmic form. The sample locations are classified into several groups using cluster analysis by the Ward method with squared Euclidean distance. Four samples collected in August were named as A1-A4 while two samples collected in September were named as S1 and S2. Based on cluster analysis, sampling locations were classified into five groups using T-N, COD, SS, EC and TC parameters. The average water quality of each group is shown in Table 4 . Dendrogram of similarity between sampling locations is shown in Fig. 8 .
Group 1, with the least polluted samples including samples collected at two streets in August (S-LD and S-NK), had the lowest T-N, COD, EC and TC concentrations. This was road runoff group. Group 2, slightly polluted group, contained moderately polluted samples in August and slightly polluted samples in September, and had low T-N, EC and TC. Group 3, moderately polluted group, consisted of samples at the inflows of lakes (L-3M in, L-TQ in and S-TDT) collected in August, was characterized by medium ranking of T-N, EC, and TC concentration. Group 4, the highly polluted group including high-pollutant samples in August and medium pollutant concentration in September, was indicated by high value of T-N, COD, EC, and TC. Group 5, the most polluted group with the highest T-N, COD, SS and TC concentration, consisted of samples taken at L-3M in, L-7M in and S-TDT in September. Samples collected in September show higher pollutant concentration due to short duration of rainfall, and the collected samples were affected by first-flush effect. Accumulative precipitation, which is lower than 8 mm, is still in the range of first-flush effect (Maestre et al., 2004) .
In road runoff samples, sampling location at S-TDT showed high pollutant concentration in comparison with S-LD and S-NK due to S-TDT located in newly urbanized area without planning and control. In this area, sewerage system and sanitary facilities are not well constructed. The water quality at inflow of Linh Quang lake , which receives domestic wastewater from this area, as shown in Fig.  3 , also confirmed this observation.
CONCLUSIONS
Pollutant sources from surface washoff are different depending on the sampling locations and rainfall patterns. Time variation of pollutant concentration in road runoff showed increasing trend at the end of rainfall. This may be attributed to less dilution with rainwater, leaking from toilet system or direct discharge from individual households to the roadside in downtown area.
Pathogenic indicators as E.coli and TC showed high values when compared with the Vietnamese standards and quite close to the level of domestic wastewater at the influent of STP. The EC parameter shows high correlation with other paremeters, especially with NH 4 + -N and coliforms. EC could be used as an indicator of mixing wastewater in water samples when collected under wet weather condition.
These results indicate the range of variation in the quality of surface runoff which makes urban surface runoff quality control more difficult. Besides washoff from the surface, another pollutant source contributing to non-point pollution sources in Hanoi is domestic wastewater discharged from individual households or the malfunctioning and overflowing of septic systems. Due to frequent inundation in Hanoi, this result is useful for local government and residents to mitigate the inundation impacts to human health.
